Abstract-We have developed a new technique of using a torque rnagnetomet.er to obtain M·H hysteresis loop of a uniaxial magnetic materiaL The hysteresis curve was obtained from the loop of the torque r measured as a function of an applied field H, when the direction of the applied field q, was 9" from the uniaxial orientation. This technique was applied to obtain the hysteresis curves of several Co/Pd multilayer thin films. For a sample having a high anisotropy field, the present method was able to obtain its magnetization curve with a greater accuracy than a conventional VSM. This method, for example, has shown a high sensitivity of about 1 x 10-6 emu in measuring the magnetization curve of (2-A Co/9-A Pd)27.
INTRODUCTION
Obtaining the M-H hysteresis curve is essential to understand and develop magnetic materials. Vibrating sample magnetometer (VSM) is commonly used today to obtain the hysteresis curve [l] . Several torque magnetometric methods have been suggested for determination of the saturation magnetization as well as the uniaxial anisotropy energy by Miyajima et al.(2J, Wielinga[3l,  and Pastor et al. [4] . A major disadvantage in those torque magneto metric method is the fact that a high applied field comparable to the anisotropyfield is require to achieve an accurate measurement. Thus, those methods are not practical for a sample having a high anisotropy field. Hur and Shin developed recently a torque magnetometric technique [5] for measuring the coercivity as well as saturation magnetization. In this paper, we describe a new measurement technique to obtain the hysteresis curve using a null-type torque magnetometer.
THEORETICAL BACKGROUND
In our method, a magnetic material is assumed to have a uniaxial anisotropy normal to the shape anisotropy. Considering only the first order intrinsic anisotropy constant Kt}, and shape anisotropy constant K$' the torque r of the system under an applied field H can be expressed by
and by
where M is the magnetization [5] . Here, () and <!> are the orientations of the magnetization and t.he applied field, respectively, measured from the easy axis as depicted in Fig. 1 
So, a higher accuracy is achieved in measuring the magnetization of materials having higher anisotropy fields. The total differential of Eq. (4) gives the uncertainty of our method, which is approximately given by
Here, 6M, 6H, 67, and 6ifo are uncertainties in measurements of M, H, 7, and ifo, respectively. It should be noted that the sensitivity of the magnetization measurement became higher as H increased, because 6ifo is not noisy during the whole measurement and (6H j H) is negligible in a moderately high field regime. Because the accuracy of this method is directly dependent on the ratio of an applied field to the anisotropy field, one can measure the small magnetization of a uniaxial material having a higher anisotropy field with a better accuracy. This is a distinct difference between this method and VSM; whereas the sensitivity of VSM is dependent on the magnetization. Also, this is a major advantage of the present method compared to other workers [2] [3] [4] .
EXPERIMENT
Our new method was applied to measure several CojPd multilayer thin films, each having the same total thickness of about 300 A, but different bilayer thicknesses. Details of the sample preparation technique have 392 been reported elsewhere [6] . The homemade torque magnetometer (7] , having a O.04%-full-scale resolution in the measurement range of 5 dyn·cm, was used. The orientation of an applied field was set to the desired direction with an accuracy of 0.1 0. A small signal from the sample holder and the un coated substrate was subtracted out in the torque measurement. Our measurement was conducted along three steps as follows; first, the easy direction of a sample was determined from the plots of 7 versus <p under saturated field intensity. Then, the torque was measured as a function of the applied field at i fo = go. Finally, the magnetization curve was obtained by plotting ( -7 j H sin ifo) versus H.
RESULTS AND DISCUSSION
The magnetization measurements of the multilayer thin films having higher anisotropy fields showed greater accuracy when they were measured by this method. For example, the present method yielded a very high sensitivity of about 1 x 10-6 emu in measuring the magnetization loop of the (2-A Coj9-A Pdh7 sample having the magnetization of 31lemujcm 3 and an anisotropy field greater than 12 kOe. Fig. 3 is a plot of torque versus the applied field H for the measurement of the magnetization curve of a (2-A CO/9-A Pd)27 sample having the volume of 3 x 1O-6cm3. It should be noted that the applied field intensity where 7 = 0 was the coercivity of l;his sample. Taking the coercivity due to domain wall displacement into account, the difference of coercivity between i fo 0 and 9° is theoretically estimated to be about 1.2% [8] . In the samples studied in this work, the differences were within 3% [9] . ., 
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Setting a higher <f; upto 15° is expected to provide a better accuracy down to 1 % in the magnetization measurement. However, the optimal value of <f; mainly depends on (/:::.7/7) and (/:::.<f; / <f;) of a torque magnetometer.
To remove anomalous peaks near the points where H = 0 in figure 4( a), it is important to accurately measure H from its exact origin.
CONCLUSION
In conclusion, we have developed a new method of obtaining the magnetization curve of a uniaxial magnetic 'material using a torque magnetometer. In measuring the magnetization of materials having high anisotropy fields, our method produced results of greater accuracy and higher resolution than those by VSM. It should be mentioned that the accuracy of this method is only negligibly affected even including the higher order terms of the anisotropy energy.
